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NOI>?E AS A TOOl. FOR EVALUATING THE ACTIVATION Oh CATHODES 


by Henry Kosmahl 

NASA Lewis Research Center 
Cleveland, Oliio 44135 

ABSTRACT 

While measurements, at low frequencies, of the shot noise current from 
space charne limited cathodes always produce results substantially in ex- 
cess of theoretical predictions (e.fj., the reduction factor is less than 
24 dB), measuring the ratio 1^,^ S (1^^^ - the equivalent shot noise 2el^^^-lf, 

S - the transconductance of the equivalent diode or triode) yields a relation 
Ipq S = 1 . 288 = 1. 288 kT|^ e, ind(*pendent of the operating: point of the 

diode (triode) as lon^ as all parts of tlie cathode liave a full space char^^e 
controlled emission. Dahlke has shown in 1954 that this method is so sensi- 
tive as to permit detection of cathode temperature clian^es by 1^ K, thus 
allowing; a powerful screening!; method between well and poorlv activated 
cathodes, superior to ’’dip" tests and other current-voltage methods. 

At a Conference (jii Noise of the (German) Society of Riulio Engineers 
in Munich, 1955, Walter Dahlke presented a paper entitled (after translation) 
"Shot Noise in Triodes, " Ref. 1. This paper to^^ether witli others presented 
at the conference was published (in German) in the NTf , 2 1955. The 
method and theory of noise as developed by Dahlke is of sif^nificance to the 
study of activation and quality of cathodes. 1 iMdieve that the application oi 
Dahlke's method offers a powerful and sensitive tool, superior to the "dip" 
test and other qualitative volta^^e-current tests, to the quantitative evaluation 
of the activation of cathode: . As a matter of fact Dahlke was able to observe 
effects equivalent to chan^ies in cathode tempt'rature by 1^’ K, a precision 
which shows the unique advantage over other methods. To understand the 
physical basis of Dahlke's approach a short review of the tlieory of sliot 
noise at low frequencies will be ^iven. The review’ is presented as a 
summary of most important relations leading to the derivation of Dahlke's 
relation: 
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Wi‘ now Huinm;u*i/i' tlio ooiu luHion from Pahlko's paper; 

1. The ratio I appn>aelu'H it'h tIuHU’etieal limit 1 . 1 . 21> \ 

eq ' ' i‘q k 

whieli is ituiepeiuient of the operating point of tlie tube as I 014 : as I 1 .,, 
and the triode i:iH»metry otherwist* that ol an 'uleal" triode reseml*U*s. 

2. Absolute noise eurrent measurements on diodes are. ini^eneral, 
not well suited for quanitative evaluation of eathodes. 

The remaimii): problem now is to determine a praetieal approaeh to 
applyini: Dahlke's sensitive method to the evaluation of eathodes i;oin^ into 
nuns in I’VV I's and not into triodes. The latter ean, of eourse, bt> evaluated 
direetly. \N ithout speeifyinn aetual details the followinn approaeh sunnests 
itself. Sinee developed for expensive, lonn lift’ Ts are individually 
tested and evaluated in a beam tester it should be possible to desinn .in ar* 
rannoment for evaliuitinn the eathode quality as a pa»n of an "uleal ' trioile 
assembly first. Kollowinn that the eatluule is witiulrawn from the tru>de 
assembly and inserted into tlie fixture for the usu.il test. It is desirable 
to perform btitli operations in the same vaeuuni pump out, to avi>id multiph* 
exqiosure. If not possible, another aetiv;ition would beeonie neeessary after 
diseardinn poorly aetivated eathodes from further testinn. 

Cathodes whieli demonstrate at the nominal heater power (eathode tem- 
perature) and somewhat below the tluHiretieally predieted nitio 1^^^^ S 1.25' \'^ 
must be viewed as havinn an exeellent ;ietivation. Sinee Hahlke's measure- 
ments were all done with oxiile eathodes experienee with imprenii.ited 
eathodes is yet to be I)'*' benefit.^ from h.ivinn. tor the first time, 

a quantitative measure i the eathoile quality by whieli to judge the eathoih's 
appear very promising. 



